Protist
Algae and plants are the dominant primary producers on our planet and define an evolutionarily diverse group of taxa (Graham and Wilcox 2000) . Despite their importance, dating algal origin is frustrated by a limited fossil record (Knoll 1992) . Recent molecular phylogenetic trees place algae near the base of the eukaryotic tree of life (e.g., Baldauf et al. 2000 Baldauf et al. , 2003 Nozaki et al. 2003) . This suggests that endosymbiosis, the process that gave rise to algal plastids (Bhattacharya and Medlin 1995) , was an ancient and fundamental force in eukaryotic evolution. To estimate the date of the cyanobacterial primary Dating Algal Origin Using Molecular Clock Methods Figure 1 . Schematic representation of plastid relationships and divergence times for the red, green, glaucophyte, and chromist algae. These photosynthetic groups are outgroup-rooted with the Opisthokonta that putatively ancestrally lack a plastid. The branches on which the cyanobacterial primary and red algal chromist secondary endosymbioses occurred are shown.
endosymbiosis that gave rise to the Plantae (i.e., red, green, and glaucophyte algae and land plants [Cavalier-Smith 1998 ]) and to date other important splits in the algal tree of life, we constructed a multigene phylogeny using six plastid genes from red, green, and chromist algae. These organellar genes were used as surrogate host markers because of strong evidence that the red and green algae share a monophyletic origin (e.g., Moreira et al. 2000) . The origin of chromists that contain a plastid of secondary endosymbiotic origin was also studied under this framework because recent data are consistent with the single origin of the chlorophyll c-containing secondary plastid in chromists (Yoon et al. 2002; Harper and Keeling 2003) , supporting the monophyly of these host cells. The plastid gene tree had robust bootstrap support and significant Bayesian posterior probabilities at all the critical nodes. Maximum likelihood methods, using the r8s program (Sanderson 2003) , were used to estimate algal divergence times on the "best" tree and the credible tree set identified by Bayesian inference. This strategy incorporated uncertainty about the evolutionary model parameter estimates and the resulting branch lengths in the dating procedure. Our data (summarized schematically in Fig. 1 ) strongly support an ancient origin of photosynthetic eukaryotes with the split of red and green algae occurring about 1500 million years ago (Ma), the origin of the chromists about 1300 Ma, and the charophyte algae appearing by 800 Ma. The plastid primary endosymbiosis occurred at least 1600 Ma, before the split of the glaucophyte from the red plus green algae (Yoon et al. 2004) . These dates are consistent with the Paleoproterozoic model of eukaryotic origin and provide a timeline for understanding algal evolution.
